Heat treatment of persimmon peel (PP) increased the antioxidative activity of the 70% ethanolic extract (EE) and water extract (WE) from PP. EE and WE both prevented H 2 O 2 -induced DNA damage to human peripheral lymphocytes. The antioxidative and antigenotoxic activities of the PP extracts were significantly affected by heating.
Persimmon is a good source of nutritional antioxidative vitamins, polyphenols and dietary fiber which are probably involved in the reduction of degenerative human diseases 1) due to their antioxidative and free radical scavenging properties.
2) Although persimmon peel (PP) is generally regarded as waste, Gorinstein et al. have reported that the concentration of carotenoids and polyphenols was higher in the peel than in the pulp 3) and that PP supplemented to a diet showed hypocholesterolemic and antioxidative effects in rats. 4) PP extracts have also been reported to have therapeutic value as potential antitumor and multidrug resistance-reversing agents. 5) PP showing antioxidative activity could therefore be used by individuals and in industrial processing. Many antioxidative phenolic compounds in plants are most frequently present in the covalently bound form with insoluble polymers.
6) It would not therefore be necessary to find effective processing methods to liberate the natural antioxidative compounds from plant sources. The antioxidative activities of many plant extracts are affected by heat treatment during processing, 7) and we have previously reported that a simple heat treatment could liberate and activate the low-molecularweighted natural antioxidants in plants. 8) The objective of this work was to determine the effect of a heat treatment on the total phenolic concentration, and antioxidative and antigenotoxic activities of PP extracts in order to evaluate the potential as a natural antioxidant source for medicinal and food application.
Antioxidative activity of persimmon peel. The total phenol content (TPC) in the 70% ethanol extract (EE) and water extract (WE) of PP was significantly increased by a heat treatment ( Table 1) : TPC of EE was increased from 15.4 mM in the non-heated control to 64.9 mM by heating at 150 C for 20 min, although heating at 50 C and 100 C had no significant effect. TPC of WE heated at 150 C for 20 min was also increased from 13.0 mM to 89.3 mM, while treatments at 50 C and 100 C for 60 min showed only a small increase. These results indicate that the phenolic compounds in PP could be increased by an appropriate heat treatment. The radical scavenging activity (RSA) was evaluated by the reactivity toward the stable free radical, 2,2-diphenyl-1-picrylhydrazyl (DPPH). RSA of the PP extracts was also significantly increased by the heat treatment (Table 2) , the maximum RSA values for EE and WE being found after a heat treatment at 150 C for 20 min; however, as with TPC, the effect on RSA of a heat treatment at lower temperature was minimal.
Persimmon contains polyphenolic compounds, including catechins, which possess antioxidative activities and inhibitory effects on the growth of human lymphoid leukemia cells.
9) The outer layers of the plant such as the peel, shell, and hull generally contain large amount of polyphenolic compounds to protect the inner materials. A number of phenolic acids are linked to various cellwall components such as arabinoxylans and proteins. 10) We have previously reported that a simple heat treatment could not cleave the covalently bound phenolic compounds from the rice hull, but that a far-infrared treatment could; 11) however, the simple heat treatment could increase the phenolic content of defatted sesame meal 8) and citrus peel. 12) This indicates that the phenolic compounds in plants should be present in different bound statuses depending on the species. Thus, the most effective processing step for liberating antioxidative compounds from various plants may be different, and a simple heating process can be used as a tool for increasing the phenolic content of PP. It should also be noted that there are several lines of evidence for the prooxidative nature of some phenolic compounds. 13, 14) In addition, the practical application of a heating process to persimmon peel would need a toxicity test on the heattreated extract to be conducted, because it may contain large amounts of phenolic compounds that humans have not ingested before.
Effect of persimmon peel on oxidative DNA damage to human lymphocytes. The genotoxic effect of H 2 O 2 and the protective ability of the PP extracts were assessed in normal human lymphocytes by a comet assay according to Singh et al. 15) Cell viability measured by the trypan blue exclusion test was above 95% for all treatments (data not shown). Pretreating the cells for 30 min with EE and WE significantly reduced the genotoxicity of H 2 O 2 measured by DNA strand breakage (Figs. 1A and  B) . The inhibitory activity of EE increased as its concentration was increased from 0.01 to 1 mg/ml by 51% to 76% in heat-treated PP (150 C for 20 min) and by 17% to 51% in an untreated sample (Fig. 1A) . In particular, 0.1 and 1 mg/ml of heat-treated EE indicated a strong protective effect, although there was no statistical difference compared to the PBS-treated negative control. The effect of WE on H 2 O 2 -treated DNA damage was similar to that of EE (Fig. 1B) . Overall, the heat-treated PP extracts showed higher protective activity than the untreated samples, this being consistent with the results from measurements of TPC and DPPH. Hydrogen peroxide is believed to cause DNA strand breakage by generating the hydroxyl radical (OH) close to the DNA molecule-via the Fenton reaction.
16) The possible mechanism by which the PP extracts inhibited oxidative DNA damage to human lymphocytes can be ascribed to the chemical structure of the phenolic compound contained in PP. 5) This phenolic compound may work by providing hydrogen atoms from the phenolic hydroxyl groups to scavenge the hydroxyl radical generated by H 2 O 2 .
In conclusion, the 70% ethanol and water extracts of PP 
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bx After mixing 0.1 ml of the PP extract (1 mg/ml in 70% ethanol or water) with 0.9 ml of 0.041 mM DPPH in ethanol for 10 min, the absorbance of the sample was measured at 517 nm. The Radical scavenging activity is expressed as the percentage inhibition and was calculated by the following formula: % DPPH radical scavenging activity ¼ ð1 À sample OD/control ODÞ Â 100. All measurements were done in triplicate, and an analysis of variance was conducted by the General Linear Model with SAS software. 18 ) a{e Different letters within a row indicate significant difference (P < 0:05), n ¼ 3. x{z Different letters within a column indicate significant difference (P < 0:05). Persimmon peel (PP) was dried at room temperature and finely ground with a blender. PP powder (5 g) was heated in an electric muffle furnace. The powder (1 g) was extracted overnight with 100 ml of a 70% ethanol solution or distilled water. After diluting the extract 10-fold, the total phenolic content was determined by the method of Gutfinger. 17) All measurements were done in triplicate, and an analysis of variance was conducted by the General Linear Model with SAS software.
18)
a{f Different letters within a row indicate significant difference (P < 0:05), n ¼ 3.
x{z Different letters within a column indicate significant difference (P < 0:05).
showed significant scavenging activity toward reactive oxygen species and also inhibited hydrogen peroxideinduced damage to cellular DNA in human lymphocytes, providing a protective effect against oxidative damage. Heat treatment increased the total phenolic concentration, and the antioxidative and antigenotoxic activities of the ethanol and water extracts of PP. 
15)
Heat-treated PP was heated in an electric muffle furnace (150 C, 20 min). Control: PBS-treated normal control. Each value is the mean with standard deviation from duplicate experiments with lymphocytes from each of two different donors. The mean value for DNA damage (tail intensity) from each treatment was compared by a one-way analysis of variance (ANOVA) followed by Duncan's test. Values not sharing the same letter are significantly different from one another (P < 0:05).
